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Abstract
At the component-level we study the ‘beta-function-favored constraint’ (βFFC)
formalism, suggested in 1988 as the most natural formulation for supergravity derived
from more fundamental theories. We begin with the suggestion that βFFC super-
gravity be identified with new minimal supergravity together with an additional chiral
compensator multiplet. After UA(1) -symmetry breaking, the non-propagating axion
2-form of new minimal supergravity becomes the propagating axion 2-form required
by string theory. The final form of the theory is seen to uniquely allow four simul-
taneous features: (i) local supersymmetry, (ii) implementation of the Green-Schwarz
mechanism, (iii) a supersymmetry-breaking order parameter chiral superfield, and
(iv) a dilaton superpotential.
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1. Introduction
Much of the ‘conventional wisdom’ regarding superstring and heterotic string theory is
based on unstated assumptions (without the benefit of supporting rigorous mathematically-
based calculations) that are seldom questioned in many investigations. In such an era,
we believe it is of value to look for results that defy the orthodoxy. Owing to a lack of
a complete covariant heterotic string field theory (or superstring field theory) formalism,
almost all of the literature on ‘string-inspired phenomenology’ is strewn with large numbers
of such assumptions. In particular, there is a specific example to which we wish to again turn
our attention in this present work. In the following, we will explore, in much greater detail
than previous expositions, our proposal that the 4D, N = 1 supergravity limit of heterotic
and superstring theories is an unconventional theory distinctly different from that used for
traditional string-inspired phenomenology models. For 4D, N = 1 supergravity, there are
two distinct off-shell formulations with the minimal number of auxiliary fields called ‘old
minimal’ [1] and ‘new minimal’ supergravity [2][3][4][5], respectively. These two sets of
auxiliary fields are understood as two different ways of gauge-fixing 4D, N = 1 conformal
supergravity.
On the other hand, among infinitely many sets of constraints in 4D, N = 1 superspace
formulations connected by super-Weyl rescalings, there is a very peculiar set of constraints
called ‘beta-function-favored constraints’ (βFFC) [6][7][8] which drastically simplifies the
beta-function computations for Green-Schwarz superstring σ-models [9]. This set of con-
straints was first developed [6] for the on-shell formulation of 10D, N = 1 supergravity,
and later developed also in 4D [7][8] as an off-shell formulation for N = 1 supergravity.
After our initial suggestion regarding the βFFC formulation, two other investigations [10]
(also carefully studying aspects of the manifest realization of target space supersymmetry
within string theory) found indications that βFFC supergravity is indeed the 4D, N = 1
supergravity limit of heterotic and superstrings. However, the explicit connection between
these three off-shell formulations, i.e., old minimal, new minimal and βFFC formulations
has never been elucidated at the level of component fields.
In this Letter, we show at the component level the direct link between these supergravity
formulations, by studying the βFFC formulation [7].4 We first recognize that the βFFC
formulation in [7] can be identified with new minimal supergravity [2] with chiral or linear
multiplets, up to appropriate super-Weyl rescalings, by studying the relevant superspace
commutator algebra. To study βFFC supergravity more closely, we next consider the kinetic
Lagrangian for a chiral multiplet, with the ‘wrong’ sign for its kinetic term, coupled to new
minimal supergravity [2] accompanied by the usual Brans-Dicke term. We next perform a
field-redefinition on the auxiliary axial gauge field Aµ for the axial UA(1)-symmetry, by
eliminating a bilinear mixing of the fields. We then show that this step yields a new kinetic
term for the antisymmetric tensor aµν which was originally just an auxiliary field (with
no propagating physical degrees of freedom) in new minimal supergravity [2]. As is also
desired, the kinetic term for the scalar field A in the chiral multiplet acquires the right
4Even though there have been works giving [11][12] relationships among these theories at the component
level, the direct link between them (in particular combined with the superstring via βFFC) has never
been elucidated as we will show in the present paper.
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sign for its kinetic term, after a Weyl-rescaling to recast the Brans-Dicke term into the usual
scalar curvature term. Similarly, the kinetic term for the pseudoscalar field B disappears,
whose degree of freedom is now transferred into that of the new propagating axion field
aµν required by string theory and conserving the on-shell physical degrees of freedom. This
is to our knowledge a unique example of a Goldstone-like mechanism acting between fields of
the same spin and between propagating and auxiliary fields. The auxiliary 2-form ‘eats’ the
pseudo-scalar in the compensating multiplet and itself becomes physical. We also see that
this mechanism works only for a special range of the UA(1) charge of the chiral compensator
multiplet. Our result is also consistent with the conclusion by Siegel [13] which dictates that
the BRST structure of superstring theory implies the presence of a chiral compensating
superfield in N = 1 supergravity theory in 4D. This result forbids the interpretation of [14]
from being correct.
2. A Formulation of New Minimal Supergravity
We first study the essential structure of the βFFC formulation of 4D, N = 1 supergravity
[7][8] in superspace. The commutator algebra for purely supergravity sector is generated by
the supercovariant derivative
∇A ≡ EA
M∂M +
1
2
φAb
cMc
b − iAAY , (2.1)
where Mab is the Lorentz generator and Y is the UA(1) -symmetry generator in the system
gauged by the potential superfield AA [7][8]. The corresponding commutator algebra is given
by [8][7]5
⌊⌈∇α,∇β} = 0 , (2.2a)
⌊⌈∇α,∇ .α} = i∇a + Hβ .αMα
β − H
α
.
β
M .
α
.
β + HaY , (2.2b)
⌊⌈∇α,∇b} = i(∇βH
γ
.
β
) ( Mα
γ + δα
γ Y )
+ i[ CαβW .
β
.
γ
.
δ − 1
3
δ .
β
.
δ( 2∇αHβ .γ + ∇βHα .γ ) ]M .δ
.
γ , (2.2c)
⌊⌈∇a,∇b} =
[
{ 1
2
Cαβ[ iH
γ
(
.
α|∇γ|
.
β)
− 1
2
(⌊⌈∇γ , ∇
(
.
α|⌋⌉Hγ|
.
β)
+ i(∇γ
(
.
α|Hγ|
.
β)
) )Y ]
+ [ C .
α
.
β
(Wαβ
γ − 1
6
(∇
.
γH(α| .γ)δ|β)
γ) − 1
2
Cαβ(∇( .αH
γ .
β)
) ]∇γ
− C .
α
.
β
[ Wαβγδ + i
1
4
Cγ(α|(∇|β)
.
ǫH
δ
.
ǫ
) + 1
24
Cγ(αCβ)δ (⌊⌈∇
ǫ , ∇
.
ǫ⌋⌉H
ǫ
.
ǫ
) ]Mγδ
+ 1
4
Cαβ[ ( ⌊⌈∇γ , ∇( .α|⌋⌉Hδ|
.
β)
) + i (∇
γ(
.
α|Hδ |
.
β)
) ]Mγδ} + h. c.
]
. (2.2d)
This formulation [8] was first presented in 1988 [7], and was motivated by a study of the
superspace geometry associated with a set of vertex operators [14] constructed using super-
conformal field methods. On this basis, Cecotti et al. [14]6 concluded that the pure off-shell
5Our (anti)symmetrizations in this section of superspace is the same as in [15], e.g., U⌊⌈AVB) ≡ UAVB
±UBVA.
6Actually, Cecotti et al. only used component fields discussions and the equations above were
found to be equivalent to their results.
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supergravity limit of 4D, N = 1 string theory was the new minimal theory. We note that
the βFFC system is equivalent to the earlier but different constraint set for off-shell 4D, N
= 1 superspace derived from the heterotic string given in ref.[13].
To see the physical content more explicitly, we identify the θ = 0 components as
Aa(z)| = Aa(x), Ha(z)| = Ha(x). Accordingly, the UA(1) superfield strength FMN ≡
∂⌊⌈MAN) satisfies the usual F -Bianchi identity
∇⌊⌈AFBC) − T⌊⌈AB|DFD|C) ≡ 0 . (2.3)
The explicit form of FBC can be read from (2.3) from the coefficients of the Y generator,
Fα .α = iHα .α , Fα,β
.
β
= −∇βH
α
.
β
, F
α
.
α,β
.
β
=
[
1
2
Cαβ∇
γ∇( .α|Hγ|
.
β)
+ h. c.
]
. (2.4)
The third-rank antisymmetric superfield strength defined by HMNP ≡ (1/2)∂⌊⌈MaNP ), with
the relation Habc ≡ ǫabcdHd, consistently satisfies the H -Bianchi identity
1
6
∇⌊⌈AHBCD) − 14T⌊⌈AB|
EHE|CD) ≡ 0 , (2.5)
where the constraints for HABC are given by
Hαβγ = Hαβ .γ = Hαβγ = Hαβc = Hα
.
βc
− i1
2
CαγC .
β
.
γ
= 0 , (2.6a)
Hαbc = 0 , Habc = i
1
4
[ CβγC .
α(
.
β|Hα|
.
γ)
− C .
β
.
γ
Cα(βHγ) .α ] , (2.6b)
Tab
c = Hab
c = ǫab
cdHd . (2.6c)
Using the commutator algebra as well as the superfield strengths, we obtain the super-
symmetry transformation rule for these components as [15]
δQAa = − i
1
2
ǫα(σb)α
.
β(σa)
γ .
β
Rb γ + i
1
2
ǫ
.
α(σb)β .
α
(σa)β
.
γR
b
.
γ
, (2.7 a)
δQHa = iǫ
αRa α − iǫ
.
αRa .α ≡ i(ǫRa) − i(ǫRa) , (2.7 b)
δQaab = i(ǫσ⌊⌈aψb⌋⌉) + i(ǫσ⌊⌈aψb⌋⌉) . (2.7 c)
where we are using the notation in which the σ -matrices are manifest, e.g., V
α
.
α
≡ Va(σa)α .α,
that is also consistent with the notations in [15], in order to make the comparison with new
minimal supergravity [2] more straightforward. The quantity Ra is the l.h.s. of the gravitino
field equation defined by the gravitino field strength:
Raα ≡ −
1
2
ǫa
bcd(σ
b
)α
.
βR
cd
.
β
, Ra .α ≡
1
2
ǫa
bcd(σ
b
)β .αRcd β , (2.8)
and Rab
γ ≡ Tab
γ | is the gravitino field strength. Here we use the underlined spinorial indices,
in order to include the both chiralities: α = (α, .α). Combined with the ordinary component
transformation rule for the vierbein δQea
m and gravitino δQψa
β [15], eq. (2.7) implies that
the above system (2.2) is identified with the new minimal supergravity theory with the field
content (em
a, ψm
α, amn, Am) [2]. The only minor difference is that the UA(1) -gauge field
in [3] is the sum of Am +Hm instead of just Am.
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Since this formulation (or any formulation of pure 4D, N = 1 supergravity) of super-
gravity [7][8] does not contain a propagating dilaton, 2-form axion or dilatino, this pure
supergravity sector must be coupled further to another multiplet with the component fields
(L, Ga, χ) (a linear multiplet of the usual type) in order to accommodate the expected fields
arising from superstring theory. From these results above, we conclude that the βFFC system
of N = 1 supergravity in 4D described in [7][8] corresponds to new minimal supergravity
[2] coupled to a compensating chiral multiplet (CCM).
3. Kinetic Lagrangian for CCM
We wish to probe βFFC supergravity as new minimal supergravity coupled to a CCM.
The importance of the compensating chiral superfield has been recognized since it first ap-
peared in the published literature [16], and more recently its role as an order parameter for
supersymmetry-breaking has come to the fore [17]. Many times in the past, the CCM was
often regarded as simply a curiosity of the ‘formalism’ of superfield supergravity [16]. It
is now obvious that this ‘formality’ has powerful implications for phenomenology based on
supersymmetrical extensions of the standard model.
We need to specify the system more explicitly to study the physical structure of the
βFFC system. For this purpose, we start with the kinetic Lagrangian for a chiral multiplet
coupled to N = 1 new minimal supergravity in 4D [2][3]. The field content of the chiral
multiplet is the standard one Ξ ≡ (A,B, χ, F,G)7, i.e., the scalar A, the pseudoscalar B,
the Majorana spinor χ, the scalar F and pseudoscalar G auxiliary fields. This multiplet
is coupled to the multiplet of new minimal supergravity (eµ
m, ψµ, Aµ, aµν) [2][3], where
in addition to the vierbein eµ
m and the gravitino ψµ, there are auxiliary fields; a vector
Aµ and an antisymmetric tensor ‘auxiliary’
8 field aµν , where the former also gauges the
local UA(1) symmetry of the system [2][3].
We start with the kinetic Lagrangian for the CCM with the characteristic ‘wrong’ overall
sign for its kinetic terms:9
(−1) e−1LCCM = 14e
−1q(A2 + B2)LSG − i14qχ(A − iγ5B)γ
µR̂µ
− 1
2
(D̂µA)
2 − 1
2
(D̂µB)
2 − i1
2
(χγµD̂µχ) −
1
2
F 2 − 1
2
G2
+ 3
4
(χγ
5
γµχ)V̂µ + i
1
2
χγµ(F − iγ
5
G)ψµ +
1
2
χ[ D̂/ (A − iγ
5
B) ]γµψµ
− 1
4
e−1ǫµνρσ(A∂µB − B∂µA + 12χγ5γ
µχ) ∂νaρσ . (3.1)
We are mostly following the same notation as in [3], except for the γ
5
-matrix which is now
(γ
5
)2 = +I, the usage of m, n, ··· indices for local Lorentz frames, and the usage of the
7This supermultiplet was denoted by the symbol Λ in [7]. See equation (4.4) there.
8We have put the quotation mark for ‘auxiliary’, because we will see that this field eventually becomes
‘propagating’ in our formulation of βFFC supergravity with its CCM.
9Note that our signature is (+,−,−,−) as in [3], so that the ‘physical’ sign for a scalar kinetic term is
positive: + (1/2)
(
∂µϕ
)2
.
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hats elucidating the supercovariantizations of derivatives, as the traditional convention. The
number q is the UA(1) charge of the chiral multiplet, which is nonzero (q 6= 0) in our
βFFC formulation. The field V̂m is the dual of the supercovariant field strength of aµν ,
corresponding to Ha in (2.7b), and R̂µ is the l.h.s. of the gravitino field equation [18]
defined by
V̂ µ ≡ e−1ǫµνρσ
(
1
4
∂νaρσ − i
1
2
ψνγρψσ
)
≡ 1
4
e−1ǫµνρσD̂νaρσ , (3.2 a)
R̂µ ≡ e−1ǫµνρσγ
5
γνR̂ρσ , (3.2 b)
where R̂µν ≡ D̂µψν − D̂νψµ is the supercovariant field strength of the gravitino [18]. The
UA(1) -covariant quantities DµA and DµB are defined by
DµA ≡ ∂µA − qAµB , DµB ≡ ∂µB + qAµA . (3.3)
The quantity LSG in (3.1) is the Lagrangian of new minimal supergravity [2]
e−1LSG = − 12(R̂ + 6V̂
2
µ ) +
1
2
(ψµγ
µγνR̂ν) − e
−1ǫµνρσAµ∂νaρσ , (3.4)
where R̂ is the fully supercovariantized scalar curvature [18][3]. This form of the action
obscures the solely auxiliary and non-physical role of aρσ. A re-definition of Aµ by an
appropriate ‘shift’ eliminates the apparent kinetic terms of aρσ above.
The supersymmetry and the UA(1) transformations are dictated by the rule
10
δeµ
m = − 2i(ǫγmψµ) ,
δψµ = Dµǫ + iγ5ǫV̂µ −
1
2
γ
5
γµνǫV̂
ν − iαγ
5
ψµ ,
δAµ = − i
1
4
(ǫγ
5
γµγ
νR̂ν) + ∂µα ,
δV̂m = i
1
2
(ǫγ
5
R̂m) , (3.5 a)
δA = (ǫχ) + αqB , δB = −i(ǫγ
5
χ) − αqA ,
δχ = − (F − iγ
5
G)ǫ − iD̂/ (A − iγ
5
B)ǫ − iα(q − 1)γ
5
χ ,
δF = i(ǫD̂/χ) − 1
2
(ǫγ
5
γmχ)V̂m + i
1
4
qǫ(A − iγ
5
B)γµR̂µ + (2− q)αG ,
δG = (ǫγ
5
D̂/χ) + i1
2
(ǫγmχ)V̂m +
1
4
qǫγ
5
(A − iγ
5
B)γµR̂µ − (2− q)αF , (3.5 b)
where ǫ(x) and α(x) are respectively the parameters of supersymmetry and the
UA(1) transformations.
It is convenient for later purposes to rewrite this system in terms of the complex fields
exp φ ≡ A + iB , f ≡ e−(φ+φ
∗)/2 (F − iG) . (3.6)
10Readers have to be cautious about some difference in normalization of this Sohnius-Wess notation [2][3]
from our superspace notation in the previous section, e.g., T
α
.
β
c = +i
(
σc
)
α
.
β
, while from (3.5a) it is
T
α
.
β
c = +2i
(
σc
)
α
.
β
, or similarly for the normalization in (2.8) compared with (3.2b).
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For example, the UA(1) transformations for the new spinless fields are simplified as
δαφ = − iαq , δαf = + iα(2− q)f , (3.7)
so that an UA(1) covariant derivative is defined by
Dµφ ≡ ∂µφ + iqAµ , (3.8)
where the last term independent of φ defines a ‘minimal’ coupling. These equations indicate
that the pure imaginary part of φ is not really physical but can be gauged away by the
UA(1) symmetry, as will be seen in the next section. The Lagrangian (3.1) is rewritten as
(−1) e−1LCCM = + 14q e
φ+φ∗
[
−1
2
R̂ − 3V̂ 2µ +
1
2
(ψµγ
µγνR̂ν) − e
−1ǫµνρσAµ∂νaρσ − 2q−1|f |2
]
− 1
2
eφ+φ
∗
|D̂µφ|
2 − i1
2
(χγµD̂µχ) − i
1
4
qeφ(χ −γµR̂+µ ) − i
1
4
qeφ
∗
(χ+γµR̂−µ )
+ 3
4
(χγ
5
γµχ) Vµ + i
1
2
e(φ+φ
∗)/2[ f ∗(χ+γµψ−µ ) + f(χ
−γµψ+µ ) ]
+ 1
8
e−1ǫµνρσ
[
ieφ+φ
∗
{∂µ(φ − φ
∗)} − (χγ
5
γµχ)
]
∂νaρσ
+ 1
2
eφχ+(D̂/ φ)γµψ+µ +
1
2
eφ
∗
χ−(D̂/ φ∗)γµψ−µ , (3.9)
while the transformation rule (3.5b) is now
δφ = 2e−φ(ǫ+χ+) − iαq , δφ∗ = 2e−φ
∗
(ǫ −χ−) + iαq ,
δχ = − e(φ+φ
∗)/2 (fǫ + + f ∗ǫ −) − ieφγµǫ −D̂µφ − ieφ
∗
γµǫ+D̂µφ
∗ − iα(q − 1)γ
5
χ ,
δf = e−(φ+φ
∗)/2
[
− 2i(ǫ −D̂/ χ+) + (ǫ −γmχ+)V̂m + i12qe
φ(ǫ −γµR̂+µ ) + i
1
2
qeφ
∗
(ǫ+γµR̂−µ )
]
− (e−φǫ+χ+ + e−φ
∗
ǫ −χ− ) f + iα(2− q)f . (3.10)
In these expressions, the superscripts ± on spinorial fields denote the usual chiralities by
the projections (I ± γ
5
)/2.
4. From New Minimal to 4D, N = 1 Minimal Stringy Supergravity
As mentioned above, the kinetic term for Ξ has the wrong sign. Unless some unexpected
phenomena occur, the system described thus far cannot be unitary as it must be plagued
with ghosts. We first look into the role played by Aµ, the auxiliary gauge field for the
UA(1) symmetry, in order to see how the system of new minimal supergravity is modified
by the chiral compensator. To this end, we study the purely bosonic part of (3.9):
(−1)e−1LBos = eφ+φ
∗
{
− 1
8
qR + 1
32
q(Hρστ )
2 − 1
2
|Dµφ|
2 − 1
2
|f |2
− 1
12
qe−1ǫµνρσ
(
Aµ − i
1
2
q−1[ ∂µ(φ− φ∗) ]
)
Hρστ
}
= eφ+φ
∗
{
− 1
8
qR + 1
96
(3q − 2)(Hρστ )
2 − 1
8
[ ∂µ(φ + φ
∗) ]2 − 1
2
( q2A˜2µ + |f |
2 )
}
, (4.1)
7
where Hρστ and A˜µ are defined by
Hρστ ≡ 3 ∂⌊⌈ρaστ⌋⌉ , A˜µ ≡ Aµ − i12q
−1∂µ(φ− φ∗) + 14q
−1e−1ǫµνρσ∂νaρσ . (4.2)
Note the important fact that the ‘mass term’ ≈ (1/2)q2A˜2µ emerges at the bilinear order,
due to the ‘minimal’ coupling in Dµφ from (3.8). We note that φ + φ∗ appears in the
exponent as the common factor, which can be identified with the dilaton field of superstring
theories.
The kinetic term of the component i(φ − φ∗) has completely disappeared! This is no
wonder considering (3.7) that the pure imaginary part of φ can be gauged away by the
UA(1) symmetry. It is now clear that the elimination of the auxiliary field A˜µ results in the
generation of the kinetic term for aµν , which replaces the original dynamical degree of free-
dom of the component i(φ−φ∗) ≈ B at the lowest order. To put it differently, this implies
that the non-dynamical component i(φ − φ∗) can be understood as a Nambu-Goldstone
field, that is absorbed by the 2-form axion aµν . As observed before [7], the UA(1) symmetry
is induced by the well known U(1) current in superconformal field theory that gives rise to
4D, N = 1 target space supersymmetry. Alternating, B is the corresponding target space
Nambu-Goldstone field of the symmetry generated by this current.
Interestingly, the coefficient of the kinetic term for aµν is (1/96)(3q−2), so that unitarity
is realized only if the UA(1) charge is bounded from below
q > 2
3
. (4.3)
In particular, the minimal integral value is q = 1. (This charge has been noted before in
the works of [13] and [19] where it was denoted by the symbols m and n, respectively.)
We next check the unitarity conditions for the kinetic term of the component φ + φ∗.
This can be seen by an appropriate Weyl-rescaling from the Brans-Dicke Lagrangian: −
(1/8) q e eφ+φ
∗
R to the standard Hilbert Lagrangian: − (1/2)R. This is performed by
eµ
m −→ 2√
q
e−(φ+φ
∗)/2eµ
m , (4.4)
yielding
eφ+φ
∗
(
− 1
8
q eR − 1
8
e[∂µ(φ+ φ
∗) ]2
)
−→ − 1
2
eR +
(
3q−2
4q
)
e [∂µ(φ+ φ
∗) ]2 + (4-divergence) . (4.5)
We re-encounter the condition (4.3) for the unitarity of the kinetic term of φ+ φ∗ ≈ L.
Note also that the original auxiliary fields F and G in (4.1) are now regarded as
S and P auxiliary fields with the same signature as in old minimal supergravity [1][18],
while the negative signature of the A2µ -term is also in agreement. From these developments,
our resulting bosonic Lagrangian (4.1) has a spectrum that is identical to that of old minimal
supergravity (eµ
m, ψµ, S, P, A˜µ) coupled to the linear multiplet (L, aµν , χ). In particular,
the component L ≈ φ + φ∗ is to be identified as the ‘dilaton’ with an overall exponential
coupling to the total Lagrangian. Thus we see that our results comply also with the statement
8
in [13]11 that the antisymmetric tensor field aµν is to be dynamical, so that the real
background for superstrings and heterotic strings with N = 1 target space supersymmetry
is βFFC supergravity [7], but not new minimal [2] supergravity. The condition q > 2/3 is
also consistent with unitarity, e.g., the critical value q = 2/3 yields the disappearance of
all the kinetic terms in the multiplet (L, aµν , χ). In fact, after the Weyl-rescaling (4.4)
together with the elimination of the mixture between ψµ and χ by
ψµ → ψµ − i
1√
q
γµ χ , (4.6)
we can easily confirm that the kinetic terms for ψµ and χ are
√
q
2
ee−(φ+φ
∗)/2(ψµR
µ) + 2√
q
(
3q−2
q
)
iee−(φ+φ
∗)/2(χγµDµχ) , (4.7)
Therefore, the kinetic term of χ also vanishes at the critical value q = 2/3. Note that our
mechanism of one spin-0 scalar field (Nambu-Goldstone boson) eaten up by another spin-0
antisymmetric tensor field is essentially similar to an example of the Goldstone mechanism.
We assert the action in (3.9) must be the component level formulation for 4D, N = 1
βFFC supergravity and corresponds to a term in the effective action of superstring/M-theory.
5. Dilatonic Superpotential
We seem also to be able to do something with the βFFC formulation that has never to
our knowledge been possible before. It is possible to introduce a dilaton superpotential12 in
our system, that may or may not break the UA(1) symmetry depending on the explicit form
of the dilatonic superpotential. For example, this can be done by adding the mass term [3]
Lm ≡ −
1
2
me|Ξ · Ξ|F , (5.1)
for the CCM with a particular value of q = 1, with the dot for the product of chiral multiplets
in local tensor calculus in new minimal supergravity [3], or we can add the cubic potential
term [3]
LΞ3 ≡ −
1
3
ge|Ξ · Ξ · Ξ|F , (5.2)
for another particular value of q = 2/3. (However, as we have seen there are unitarity prob-
lems for this choice of the UA(1) charge.) In fact, a more general dilatonic superpotential
of the form
LN ≡ e|N (Ξ)|F (5.3)
11There has been some controversy about the ‘true’ off-shell version of supergravity derived from N = 1
strings in 4D [13][14]. We believe that the result of our present paper should provide clarification of
the issue by giving the explicit link between new minimal [2], old minimal [1] and βFFC [7]
supergravity.
12This feature is outside of any conventional discussion of superstrings.
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may be added and this, except for the special choices, explicitly breaks the UA(1) symmetry.
We emphasize that the chiral compensator Ξ, unlike the traditional chiral compensator
introduced in [16], only compensates for the local UA(1) symmetry. It is this feature that
allows the general dilatonic superpotential in (5.3) to be introduced.
6. Concluding Remarks
We have given the first component level presentation of the link between the old minimal
[1], new minimal [2][3] and βFFC formulations [7] of off-shell 4D, N = 1 supergravity.
Starting with a kinetic Lagrangian for a CCM and coupling to new minimal supergravity
requires a number of subtle but substantial redefinitions that lead to a unitary spectrum.
For example, the kinetic term with the ‘wrong’ sign for the scalar field A, will not pose any
problem, due to the Weyl-rescaling to be performed to adjust the Brans-Dicke term into the
standard Einstein-Hilbert Lagrangian. The elimination of the auxiliary gauge field Aµ for
the axial UA(1) symmetry results in the absorption of the kinetic term of the pseudoscalar
B, while generating a new kinetic term for the antisymmetric tensor aµν , causing it to
become propagating. Interestingly, we have found that unitarity in the βFFC formulation
is achieved only with the restriction13 q > 2/3 for the UA(1) charge q of the chiral
compensating multiplet Ξ. We again emphasize that the ‘wrong’ sign originates from 4D,
N = 1 BRST superstring arguments [13], i.e., the chiral compensator has its origins in the
ghost number zero sector of the superstring b - c ghosts-anti-ghost system.
We also note that the introduction of some mechanism for UA(1) symmetry-breaking,
such as the introduction of the CCM can also be seen from another argument. Shortly after
the introduction of the new minimal theory, it was shown that new minimal supergravity
necessarily contains an ‘auxiliary field anomaly’ [20] and thus is not a quantum mechanically
consistent theory. So it is actually compulsory that the UA(1)-symmetry in new minimal
supergravity be broken in order to arrive at a consistent theory. The CCM implements this
breaking.
We also emphasize that the βFFC formulation is the first ‘minimal’ system, in which there
is a dilaton that can accommodate a superpotential and simultaneously the antisymmetric
tensor (axion) is present. These two fields are essential for superstring theory, because the
antisymmetric tensor is indispensable for the Green-Schwarz anomaly cancellation mech-
anism [21], not to mention the importance of the dilaton in superstring theory [9]. For
example, in the old fashioned way, we couple a chiral multiplet to old minimal supergravity
with the dilaton in the chiral multiplet. But this old formulation needs an additional linear
multiplet to accommodate the antisymmetric tensor for Green-Schwarz mechanism. On the
other hand, in what is called the ‘linear formulation’, a linear multiplet with a propagating
antisymmetric tensor is coupled to old minimal supergravity. But it is not known how to
introduce a dilaton superpotential, without breaking supersymmetry, in such a formulation
either. From these considerations, we see that the βFFC formulation is the first formulation
13Although it is beyond the scope of this work, we cannot but wonder about the ‘stringy’ origin
of the condition q > 2/3.
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that has the following features, i.e., (i) manifest local supersymmetry, (ii) a 2-form for im-
plementing the Green-Schwarz mechanism, (iii) a supersymmetry-breaking order parameter
chiral superfield, and (iv) the possibility to admit a dilatonic superpotential.
We believe that our present paper provides a very beautiful resolution to the old puzzle
[13][14] about the choice between old minimal [1] and new minimal [2] supergravity as the
rigorously correct background of the 4D, N = 1 superstring [13], and may open a new avenue
for superstring/M-theory and supergravity.
“Now this is not the end. It is not even the beginning of the end. But it is,
perhaps, the end of the beginning.” – Sir Winston L.S. Churchill.
Acknowledgment:
We thank W. Siegel for reminding us of the work in reference [13].
Added Note in Proof
After the completion of our work, it was brought to our attention that the dilatonic
superpotential has previous appeared in the work of [22]. Additionally, it was shown there
that the charge q = 1 is chosen by superstring theory. This in turn implies that the dilatonic
superpotential can only take the form in (5.1).
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